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ABSTRACT 

[Abstract of the Disclosure] 

An anode thin film for a lithium secondary battery having a current collector and 
5 an anode active material layer formed thereon, wherein the anode active material layer 
contains an intermetallic compound of tin (Sn) and nickel (Ni). In particular, the 
intermetallic compound is Ni3Sn4. The anode thin film can considerably improve cycle 
characteristics by suppressing a volumetric expansion and contraction of tin generated 
during the charging/discharging process. Therefore, use of the anode thin film can 
10 greatly improve the chemical and mechanical stability of the interface between an 
electrode and an electrolyte, thereby preparing a lithium secondary battery having 
improved life characteristics. 

[Representative Drawing] 
15 FIG. 6 
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SPECIFICATION 

[Title of the Invention] 

5 ANODE THIN FILM FOR LITHIUM SECONDARY BATTERY AND 

PREPARATION METHOD THEREOF 

[Brief Description of the Drawings] 

FIG. 1 is a charging/discharging cycle voltage curve of a conventional lithium-tin 

10 alloy; 

FIG. 2 is a graph showing the cycle characteristic of the conventional anode of a 
lithium-tin alloy film; 

FIG. 3 is a cross-sectional view of a lithium thin film battery employing an anode 
thin film according to the present invention; 
15 FIG. 4 represents an X-ray diffraction analysis of Ni3Sn4 prepared by Example 1 

of the present invention; 

FIG. 5 represents charging/discharging cycle characteristics of a lithium 
secondary battery employing Ni3Sn4 prepared by Example 1 of the present invention; 

FIG. 6 represents an X-ray diffraction analysis of Ni3Sn4 at (a) initial state, (b) 
20 0.25 V charging state, (c) 0.05 V charging state, (d) 1.2 V discharging state, and (e) 
after 100 cycles, in the lithium secondary battery employing Ni3Sn4 prepared by 
Example 1 of the present invention; 

FIG. 7 represents an X-ray diffraction analysis of a Ni3Sn4 anode thin film 
prepared by Example 2 of the present invention; 
25 FIG. 8 represents charging/discharging cycle characteristics of a lithium 

secondary battery employing the Ni3Sn4 anode thin film prepared by Example 2 of the 
present invention; 

FIG. 9 represents an X-ray diffraction analysis of the Ni3Sn4 anode thin film 
prepared by Example 2 of the present invention; and 
30 FIG. 10 represents charging/discharging cycle characteristics of the Ni3Sn4 

anode thin film prepared by Example 2 of the present invention. 
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< Explanation of Reference numerals designating the Major Elements of the Drawings > 
10: substrate holder 20: current collector 

30: anode 40: electrolyte 

5 50: cathode 60: protective film 

[Detailed Description of the Invention] 
[Object of the Invention] 

[Technical Field of the Invention and Related Art prior to the Invention] 
10 The present invention relates to an anode thin film for lithium secondary battery 

and a preparation method thereof, and more particularly, to an anode thin film for a 

lithium secondary battery having a reduced initial irreversible capacity by using an 

intermetallic compound of tin (Sn) and nickel (Ni) as a material of forming an anode 

active material layer formed on a current collector, and having improved 
15 charging/discharging cycle characteristics by solving the problem of aggregation of tin 

due to intercalation/deintercalation of lithium. 

It is known that metallic lithium in an organic electrolyte is thermodynamically 

unstable and is coated with a thin surface layer called a solid electrolyte interface (SEI). 

The unstable property of the metallic lithium used as an anode-forming material may 
20 result in dendrite growth during repeated cycles of charging and discharging, leading to 

deterioration in stability of battery. 

A lithium ion battery can secure its stability and can maintain high capacitance 

characteristics by employing graphite as an anode-forming material. A graphite anode 

reversibly enables storage and separation of lithium through intercalation of lithium ions. 
25 Since the inserted lithium ions are not in the form of metal, factors that may adversely 

affect the stability of a battery, for example, growth of dendrite, can be prevented. 

However, graphite anodes have only approximately 10% of an energy density of 

metallic lithium anodes. Various anode materials including disordered carbon, nitrides 
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or oxides, which exhibit improved capacity compared to graphite, have been proposed 
for overcoming the problem of small energy density. 

Various studies Oxide-based anodes exemplified by tin oxides were proposed for 
the first time by Fuji Photo Film Co., Ltd.. in U.S. Patent No. 5,618,640 by Y. Idota et al, 
5 and in a paper by Idota et al. entitled "Tin-Based Amorphous Oxide: A High Capacity 
Lithium-Ion Storage Material", Science, 276 (1997) 1395-1397, and have approximately 
twice a charge/discharge capacity of graphite-based anodes and are excellent in 
potential characteristics compared with existing substitutes. 

Oxide-based anodes consist of oxides of metal that can form lithium alloys, such 
10 as tin oxide (SnO or Sn02), lead oxide (PbO) or silicon oxide (SiO). These 
oxide-based anode-forming materials serve as precursors of anode active materials. 
Thus, as lithium ions are diffused across the lattice of metal, oxygen ion and metal ion 
are separated from each other. Also, as intercalated lithium ions react with oxygen 
ions, separation occurs in the lattice of metal. Active materials capable of 
15 charging/discharging are substantially metals separated in the above-described manner, 
rather than metal oxides. 

It is also known that lithium can be stored/removed by an alloying reaction 
between tin and lithium. 

The oxide-based anodes consisting of oxides, e.g., tin oxide, have good cycle 
20 characteristics, compared with lithium alloys, in the following reasons. 

First, as lithium ions are diffused across the lattice of metal, a metal that can form 
lithium alloys, e.g., tin, is separated. However, the separated metal is very small in 
size, the mechanical loss of an active material, due to a change in volume, can be 
minimized. 

25 Second, since, during initial stage of lithium storage, lithium oxide (Li20), which is 

a product based on the reaction between the lithium produced simultaneously with 
separated metal during initial storage of lithium, and the oxygen ions, is evenly 
dispersed, damage of the active material due to a change in volume can be 
suppressed. 
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However, the oxide-based anode exhibits a relatively high initial irreversible 
capacity due to formation of lithium oxide, which is necessarily generated during the first 
charging/discharging cycle. Accordingly, an excess amount of a cathode active 
material is required, which is impediment to practical use. 
5 In order to reduce the initial irreversible capacity while maintaining high capacity 

and good cycle characteristics of an oxide-based anode, there have been proposed 
methods in which an intermetallic compound or nano-sized metal powder is employed. 
The methods in which an intermetallic compound is employed are disclosed in U.S. 
Patent No. 6,203,944 by Robert L. Turner et al, entitled "Electrode for a lithium battery," 

10 papers entitled "Mechanically Alloyed Sn-Fe(-C) Powders as Anode Materials for Li-Ion 
Batteries," by Mao et al., J. Electrochem. Soc, 146 (2) (1999) 405-413, "The Reaction 
of Lithium with Sn-Mn-C Intemnetallics Prepared by Mechanical Alloying," by Beaulieu et 
al. J. Electrochem. Soc, 147 (9) (2000) 3237-3241, and "LixCueSns (0<x<13): An 
Intermetallic Insertion Electrode for Rechargeable Lithium Batteries," by Kepler et al., 

15 Electrochem. Solid-State Lett., 2 (7) (1999) 307-309. The methods in which 
nano-sized metal powder is employed are disclosed in papers entitled 
"Sub-Microcrystalline Sn and Sn-SnSb powders as Lithium Storage Materials for 
Lithium Ion Batteries." by Yang et al., Electrochem. Solid-State Lett., 2 (4) (1999) 
161-163, and "Ultrafine Sn and SnSbo.u Powders for Lithium Storage Materials in 

20 Lithium-Ion Batteries," by Yang et al., J. Electrochem. Soc, 146 (11) (1999)4009-4013. 

The former methods will now be described in more detail. A tin-based 
intermetallic compound, for example, SnaFe or CueSns, consists of an intermetallic 
compound of a metal which does not form a lithium alloy and a metal which is reactive 
with lithium. Also, since the tin-based intenmetallic compound does not undergo 

25 irreversible reaction, e.g., formation of lithium oxide (Li20) due to diffusion of lithium ions 
into the lattice of metal, unlike tin oxide, initial irreversible capacity can be reduced. 

However, the tin-based intermetallic compound causes aggregation of tin due to 
repeated intercalation/deintercalation of lithium ions, which aggravates the mechanical 
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damage of an active material depending on a change in volume, like metallic tin, 
resulting in considerable deterioration of cycle characteristics. 

To solve the above-described problems, an attempt to use a composite material 
of an active-phase material enabling intercalation/deintercalation of lithium and an 
5 inactive-phase material non-reactive with lithium, prepared by a mechanical alloying 
method, as an anode forming material, has been made. 

Detailed examples of the composite material include a composite material 
consisting of Sn2Fe as an active-phase material and SnFeaC as an inactive-phase 
material. While such a composite material has a fine structure, improved cycle 
10 characteristics due to addition of inactive-phase material, and an increased energy 
density per volume, its energy density per weight is very small, i.e., less than 200 
mAh/g. 

As shown in FIG. 1, a lithium-tin alloy (Li4.4Sn) has a relatively low operating 
voltage with respect to a lithium electrode, i.e., 0.7 V or less, and has an energy density 
15 per unit weight of approximately 790 mAh/g, which is higher than that of a 
lithium-graphite compound (LiCe) having an energy density of 342 mAh/g. 

In the lithium-tin alloy enabling intercalation/deintercalation of lithium, 
aggregation of tin, which is due to intercalation/deintercalation of lithium, and a severe 
change in volume, cause cracks on the surface of and within tin, which leads to 
20 electrical disconnection with a current collector, thereby deteriorating cycle 
characteristics, which is confirmed in FIG. 2. 

Referring to FIG. 2, when an anode of lithium-tin alloy film is charged/discharged 
with a constant current of 50 yA/cm^ up to 0 to 1.2 V, the initial charge capacity thereof 
began to sharply decrease after repetition of 5 cycles until it vanishes after repetition of 
25 20 cycles, that is, the cycle life is deteriorated. 

[Technical Goal of the Invention] 

To solve the above-described problems, it is an object of the present invention to 
provide an anode thin film for a lithium secondary battery and a method of 
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manufacturing the same, which can solve the problem of aggregation of tin due to 
intercalation/deintercalation of lithium. 

It is another object of the present invention to provide a lithium secondary battery 
having improved charging/discharging characteristics by employing the anode thin film. 

5 

[Structure and Operation of the Invention] 

To accomplish the above objects, an anode thin film for a lithium secondary 
battery according to an embodiment of the present invention includes a current collector 
and an anode active material layer formed thereon, wherein the anode active material 
10 layer contains an intermetallic compound of tin (Sn) and nickel (Ni). in particular, the 
intermetallic compound is preferably Ni3Sn4. 

According to another aspect of the present invention, a method of preparing an 
anode thin film for a lithium secondary battery includes mosaic-sputtering tin (Sn) and 
metallic nickel (Ni), co-sputtering tin (Sn) and metallic nickel (Ni) and sputtering single 
15 target or target containing tin (Sn) and metallic nickel (Ni). 

According to another aspect of the present invention, a method of preparing an 
anode thin film for a lithium secondary battery includes the steps of forming an 
intermetallic compound evaporation source of tin (Sn) and metallic nickel (Ni) by a 
mechanical alloying method and depositing the intermetallic compound evaporation 
20 source by at least selected from the group consisting of e-beam evaporation and ion 
beam assisted deposition (IBAD). 

According to yet another aspect of the present invention, a lithium secondary 
battery employs the anode thin film. The lithium secondary battery is preferably a 
lithium thin film battery. 

25 A lithium-tin alloy has a relatively low operating voltage with respect to a lithium 

electrode, i.e., 0--0.7 V or less, and has an energy density per unit weight of 
approximately 790 mAh/g, which is higher than that of a lithium-graphite compound 
(LiCe) having an energy density of 342 mAh/g. However, in the lithium-tin alloy 
enabling intercalation/deintercalation of lithium, aggregation of tin, which is due to 
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intercalation/deintercalation of lithium, and a severe cfiange in volume, cause cracks on 
the surface of and within tin, which leads to electrical disconnection with a current 
collector, thereby deteriorating cycle characteristics. 

The present invention is directed to improvement in cycle characteristics by 
5 employing an intermetallic compound of tin (Sn) and nickel (Ni) in order to solve an 
inherent problem of tin, that is, in order to suppress a stress due to volumetric 
expansion of tin, thereby improving the structural stability to improve cycle 
characteristics. 

Unlike the conventional lithium-tin alloy, the intermetallic compound of tin (Sn) 
10 and a nickel (Ni) metal, that is, Ni3Sn4. the tin (Sn) being an active material of reaction 
with lithium (Li) and the nickel (Ni) metal not reacting with Li, does not undergo a 
reaction of forming a compound with Li ions diffused into a grid with oxygen ions 
contained in oxide, thereby almost removing the initial irreversible capacity. 

Methods of forming the tin-nickel alloy film are not specifically restricted but the 
15 following methods are used in the present invention by way of examples. 

First, tin and nickel are simultaneously deposited by a co-sputtering method. 
According to this method, a tin target and a nickel target are separately prepared 
and co-sputtered for deposition. In such a manner, a single intermetallic compound 
layer of tin-nickel is formed by the co-sputtering method. The contents of tin and 
20 metallic nickel within the single layer can be adjusted by controlling the power of 
energy sources applied to the tin target and nickel target to be in a predetermined 
range. 

Second, tin and metallic nickel are mosaic-sputtered. According to this method, 
a tin target and a metallic nickel target are symmetrically arranged to be sputtered. 
25 Here, the composition of tin and nickel can be adjusted by controlling the number of 
nickel targets. 

Third, a tin-nickel alloy target is first prepared and then sputtered. Here, the 
composition of the intemrietallic compound thin film of tin and nickel can be adjusted by 
differing the mixture ratio of tin and metallic nickel in the tin-nickel alloy target. 



Fourth, e-beam evaporation and/or ion beam assisted deposition (I BAD) may be 

used. 

Tin and metallic nickel powder are first alloyed by a mechanical alloying method 
to prepare a corresponding evaporation source of a tin-nickel intermetallic compound. 
5 Thereafter, the evaporation source is deposited by the e-beam evaporation 

and/or ion beam assisted deposition (I BAD) to prepare a tin-nickel intermetallic 
compound thin film. Here, accelerated Ar ions are applied to the evaporation source to 
increase the mobility of metal ions or to change the surface state of the tin-metal film. 
Also, the composition of the intermetallic compound film of tin-metal can be changed by 
10 adjusting the flux of e-beam electrons, and the crystallinity and fine structure of the 
intermetallic compound film can be adjusted by changing the flux and accelerated 
voltage of Ar ions. 

Ni3Sn4 is preferably used as the intermetallic compound of tin and metal in view 
of structural stability. Unlike conventional lithium-tin alloy, the intermetallic compound 
15 of tin and nickel, i.e., Ni3Sn4, the tin being an active material of reaction with lithium, and 
the nickel not reacting with lithium, does not undergo a reaction of fomning a compound 
reacting with lithium ions diffused into the lattice of metal with oxygen ions so that the 
initial irreversible capacity is almost removed. 

The method of preparing a thin film using the tin-nickel intermetallic compound 
20 Ni3Sn4will now be described. 

First, a Ni3Sn4 evaporation source is prepared by mechanically alloying tin and 
nickel, which will now be explained in more detail. 

Tin and nickel are mixed in a predetemnined molar ratio, pulverized into 
particles having a predetermined diameter and then heat treated, thereby obtaining the 
25 Ni3Sn4 evaporation source. Here, the temperature of heat treatment is closely related 
to Ni3Sn4 crystalinity, and is preferably in the range of 300 to 550 'C. If the heat 
treatment temperature is less than 300 '^C, the Ni3Sn4 crystalinity is so weak as not to 
maintain a Ni3Sn4 crystal structure during charging/discharging cycles, leading to 
deterioration of cycle characteristics. If the heat treatment temperature is greater than 
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550 °C, grains increase in size during heat treatment, so that grain boundary fraction 
which act as a host of lithium intercalation/deintercalation is reduced to thus exhibit a 
decrease in capacity of Ni3Sn4. 

Thereafter, the evaporation source is subjected to e-beam evaporation and/or 
5 ion-beam assisted deposition (I BAD) to prepare a tin-nicl<el intermetallic compound 
(Ni3Sn4) film. 

FIG. 3 is a cross-sectional view of a lithium thin film battery employing an anode 
thin film according to a preferred embodiment of the present invention. Referring to 
FIG. 3, a thin film battery is basically constructed such that a current collector 20 made 
10 of platinum is arranged on a substrate 10, a cathode 50, an electrolyte 40 and an anode 
30, each being in the form of a film, are sequentially stacked on the current collector 20. 
A protective film 60 for protecting the thin film battery by shielding the same from 
outside, is deposited on the anode 30. 

In the thin film battery having the aforementioned configuration, the cathode 50 
15 contains lithium composite oxide such as lithium cobalt oxide (LiCoOa), lithium 
manganese oxide (LiMn204) or lithium nickel oxide (LiNi02). The electrolyte 40 
consists of Upon, which is a lithium ion conductive material. The protective film 60 is 
made of parylene. Here, Lipon represents lithium phosphorus oxynitride. 
The present invention will now be described in more detail through the following 
20 examples, but not limited thereto. 

Preferred embodiments of the present invention will now be described with 
reference to the attached drawings. 

Embodiment 1 

Tin (Sn) and nickel (Ni) powder were mixed in a molar ratio of 4:3 to prepare a 
25 tin-nickel intermetallic compound (Ni3Sn4) by the following mechanical alloying method. 

That is to say, after tin (Sn) and nickel (Ni) powders were weighed in a molar 
ratio of 4:3, tin (Sn) and nickel (Ni) were mixed sufficiently using an agate mortar and 
ball-milled at approximately 750 rpm using an oscillation-type ball mill for approximately 
10 hours. After ball-milling, the resultant was thermally treated at 350'C and 500 for 



approximately 1 hour to prepare a tin-nickel intermetallic compound (Ni3Sn4). The 
X-ray diffraction analysis result of the prepared tin-nickel intermetallic compound 
(Ni3Sn4) is shown in FIG. 4. Referring to FIG, 4A, it was confirmed that only Ni3Sn4 
was prepared by a mechanical alloying method without tin and nickel as starting 
5 materials when a mixture of tin and nickel powder were mechanically milled for 
approximately 10 hours. As shown in FIGS. 4B and 4C, the Ni3Sn4 crystalinity 
increased as the heat treatment temperature increased to 350 1:: and 500 1; . 

In order to evaluate electrochemical properties of Ni3Sn4 compounds prepared by 
the above-described procedure, a lithium secondary battery was fabricated using 

10 metallic lithiums as a counter electrode and a reference electrode and using 1 M LiPFe 
dissolved in a mixed solvent of ethylene carbonate (EC) and diethylcarbonate (DEC) as 
an electrolyte solution. The cycle characteristics of the prepared lithium secondary 
battery were evaluated, and the result thereof is shown in FIG. 5. Here, the cycle 
characteristics were evaluated by performing charging and discharging at a constant 

15 current density of 0.2 mA/cm^ within the range of measured potential of 0 to 1.2 V. 

Referring to FIG. 5, as the Ni3Sn4 crystalinity became better, the 
charging/discharging capacity was reduced, leading to remarkable improvement of 
cycle characteristics. Also, the charging/discharging capacity of Ni3Sn4 powder was 
proportionate to a volume fraction of the grain boundary of the powder depending on 

20 thermal treatment performed after milling. Ni3Sn4 having good crystalinity did not 
exhibit a decrease in capacity even during lithium intercalation/deintercalation, from 
which lithium is presumably intercalated/deintercalated into/from the grain boundary of 
Ni3Sn4. Here, grains of lithium and Ni3Sn4 act as hosts of lithium 
intercalation/deintercalation, which suppress volume swelling, thereby maintaining good 

25 cycle characteristics. 

FIG. 6 represents an X-ray diffraction analysis based on charging/discharging 
steps applied to Ni3Sn4 powder prepared by milling tin and nickel powder for 
approximately 10 hours and thermally treating the same at 500 for approximately 1 
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hour, showing the electrochemical change of lithium during intercalation/deintercalation 

into/from Ni3Sn4 powder. 

Referring to FIG. 6, a 0.25 V charging step (b) and a 0.05 V charging step (c) 

were performed at an initial state (a), lithium Intercalation was performed, and then a 1.2 
5 V discharging step (d) was performed, followed by lithium deintercalation. The Ni3Sn4 

crystalinity was still maintained. Even after 100 cycles of these steps (e), no change in 

the diffraction pattem was observed. 

In known tin-based intennetallic compounds that have been reported so far, a 

phase change occurs during lithium intercalation, so that a counter metal relative to tin 
10 (Sn) is separated by diffusion of lithium ions, and the lithium ions react with tin (Sn) to 

form a lithium-tin (Li-Sn) alloy phase. The tin and counter metal formed by the reaction 

are very small grains and are uniformly distributed, exhibiting improved cycle 

characteristics relative to tin and the counter metal of tin. However, the tin-based 

intermetallic compound undergoes aggregation of tin due to repetition of intercalation 
15 and deintercalation of lithium ions, causing severe mechanical damage of active 

materials due to a change in volume, like in metallic tin. thereby degrading cycle 

characteristics. 

On the other hand, in the Ni3Sn4 structure of the present invention as shown in 
FIG. 6, a peak corresponding to tin (Sn) is not observed even during intercalation of 

20 lithium, which means that no phase change occurs, unlike in the conventional tin-based 
intermetallic compounds, but the NiaSnA crystallinity is maintained, thereby greatly 
improving cycle characteristics. 

The Ni3Sn4 intermetallic compound, as shown In FIG. 5, has a capacity per 
weight of approximately 100 mAh/g , which is not suitable to be employed as an anode 

25 active material of a bulk-type battery. However, since the Ni3Sn4 intermetallic 
compound has a large density, i.e., 8.42 g/cm^, it can be suitably used as an anode 
active material in view of good cycle characteristics for a thin film battery in which a 
capacity per volume is quite an important factor. Also, as shown in FIG. 3, since there 
is little change in lattice constant due to lithium intercalation/deintercalation, it is 
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presumed that a change in volume is not so big during lithium intercalation, which 
means that the Ni3Sn4 intermetallic compound can be suitably used as the anode 
material of a thin film battery necessitating high mechanical stability between an 
electrode and an electrolyte and between an electrode and a current collector. 
5 Embodiment 2 

A Ni3Sn4 thin film was deposited by e-beam evaporation and ion beam assisted 
deposition (I BAD) using the Ni3Sn4 powder prepared in Embodiment 1 as an 
evaporation source. 

FIG. 7 shows X-ray diffraction analysis results of a thin film deposited using the 
10 e-beam evaporation and .lBAD. Evacuation was performed from an initial vacuum 
state to 2x10"^ torr and argon gas was induced to maintain an operating pressure of 
2x10'^ torr by using the Ni3Sn4 powder prepared by the method in the Embodiment 1. 
An e-beam acceleration voltage of 5.7 kV and an e-beam current of 20 mA were applied 
to the Ni3Sn4 powder prepared in the above-described manner for 10 minutes and 20 
15 minutes, respectively for deposition of thin films having thicknesses of 640 A (FIG. 7A) 
and 920 A (FIG. 78). Under these conditions, the Ni3Sn4 powder was deposited with 
an argon ion acceleration voltage of 100 keV and an ion beam current of 20 mA to 
prepare a thin film having a thickness of 1500 A. 

Referring to FIG. 7, when the time of deposition by e-beam evaporation is 
20 increased or ion beams are irradiated onto a substrate, a diffraction peak is observed 
around a diffraction angle of 30°, which is presumably derived from NiSn which is a 
metastable phase. 

FIG. 8 shows charging/discharging cycle characteristics of the Ni3Sn4 anode film 
prepared by the above-described process. 
25 Referring to FIG. 8, the plot (a) is for the case of irradiating e-beam for 10 

minutes and the plot (b) is for the case of irradiating e-beam for 10 minutes. In the 
case indicated by the plot (b), the crystallinity and cycle characteristic are better than in 
the case indicated by the plot (a). However, the cycle characteristic of the Ni3Sn4 
anode film is still poorer than that of the Ni3Sn4 powder having good crystallinity. 
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These results show that use of the stoichiometrical Ni3Sn4 powder as an evaporation 
source makes it difficult to control the composition of the deposited thin film. 

On the other hand, as shown in FIG. 7(c), deposition using IBAD can 
appropriately controls conditions of accelerated ion beam irradiation to increase the 
5 mobility and reactivity of atoms while colliding the atoms deposited on the target, 
thereby preparing a crystalline Ni3Sn4 thin film even at room temperature. 

As described above, in the case of using stoichiometrical Ni3Sn4 powder as an 
evaporation source, vapor pressures and volatility degrees of nickel and tin are different, 
which makes it quite difficult to attain a thin film having the same composition as that of 

10 the evaporation source. To solve this problem, there has been made an attempt to 
facilitate control of the compositions of tin and nickel by co-fusing e-beams using tin and 
nickel as evaporation sources, respectively. Here, accelerated argon (Ar) ions are 
irradiated onto a substrate simultaneously with the Sn and Ni evaporation sources, 
thereby increasing the mobility of deposited atoms or changing the surface state of the 

15 thin film. The composition of the thin film can be varied by adjusting the flux of e-beam. 
The crystallinity and fine structure of the deposited thin film can be adjusted by varying 
the flux and acceleration voltage of Ar ions. 

First, an initial vacuum state is tumed into an evacuated state up to 2x10"® torr 
and argon gas was induced to maintain an operating pressure of 2x10"^ torr. 

20 Thereafter, under the condition of an e-beam acceleration voltage of 5.7 kV, e-beam 
currents of 110 mA and 75 mA were applied to tin and nickel, respectively, for 
deposition of a thin film having a thickness of 950 A. FIG. 9 (b) shows the X-ray 
diffraction analysis result for the thus-prepared thin film, whereas FIG. 9 (a) shows the 
X-ray diffraction analysis result for a Si/Si02 substrate. As shown in FIG. 9 (b), a 

25 diffraction peak is observed around a diffraction angle of 28**, from which the thin film is 
determined as a Ni3Sn2 thin film. 

FIG. 10 represents charging/discharging cycle characteristics of the Ni3Sn2 
anode thin film prepared by the above-described process. Here, the cycle 
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characteristics were evaluated by performing charging and discharging on lithium at a 
constant cun^ent of 30 pA/cm^ within the range of measured potential of 0 to 1.2 V. 

As shown in FIG. 10, the capacities of the NiaSna anode thin film are maintained 
at lower levels, which is because it has a very low electrochemically activity. 
5 However, as described above, the Ni3Sn4 thin film can be deposited even at 

room temperature by varying the composition, crystallinity and fine structure of the thin 
film such that the flux of e-beams and the flux and acceleration voltage of Ar ions are 
varied. 

10 [Effect of the Invention] 

The cycle characteristics of the anode thin film according to the present invention 
can be remarkably improved by suppressing dilation and shrinkage of tin during 
charging/discharging steps. Therefore, use of the anode thin film according to the 
present invention can greatly improve the chemical, mechanical stability of the interface 

15 between an electrode and an electrolyte, thereby preparing a lithium secondary battery 
having improved life characteristics. 
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04-08-18 

What is claimed is: 

1. An anode tiiin film for a lithium secondary battery having a current 
collector and an anode active material layer formed thereon, wherein the anode active 
material layer contains an intermetallic compound of tin (Sn) and nickel (Ni). 

5 

3. A method of preparing an anode thin film of claim 1 by mosaic-sputtering 
tin (Sn) and metallic nickel (Ni). 

4. A method of preparing an anode thin film of claim 1 by co-sputtering tin 
10 (Sn) and metallic nickel (Ni). 

5. A method of preparing an anode thin film of claim 1 by sputtering a single 
target containing tin (Sn) and metallic nickel (Ni). 

15 6. A method of preparing an anode thin film of claim 1 by forming an 

intermetallic compound evaporation source of tin (Sn) and metallic nickel (Ni) by a 
mechanical alloying method and depositing the intermetallic compound evaporation 
source by at least selected from the group consisting of e-beam evaporation and ion 
beam assisted deposition (IBAD). 

20 

8. The lithium secondary battery employing an anode thin film of claim 1 . 

9. The lithium secondary battery of claim 8, wherein the battery is a thin film 
battery. 

25 
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5. 1-a- f'efl7l#o1| nl-^ el-i- ^-i^ ^^S] ^o]^ ^^J- ^ai^oIji. 

£ 2^ *efl7l#ofl 2)^v «}-n^2l ^ci§ v^E^ug i^o]:!!, 

5. 3-a: ^ ^"^51 ^5}-^ ^fl-8-*VaL Sife ^11- al-H^- ^^JS] M-E^hE ^ar^Holol, 

£4^'g-^'3Sl ^^lofl n?-e1->ll2:€ Ni3Sn4<>l| 5a<H'^1. X'S ^^H- ^^^]^. 

£ 5^ -g- l-'^Sl -gA].:^] lofl ttj-el- Ni 3 Sn4 * ^fl -g-^T e1# 2^> SZolA-], 4oie t+Ej-vfl :£^olJ7, 

£6-6:^ ^'gsl ^Al<:^l loll nl-el- Ni3Sn4^ ^fl-g-^V e]# 2*1- 5i<^-^i, (a) 2:71 ^Efl, (b) 0.25V 

^:^]. (c) 0.05V la^^l. (d) 1.2V ^a-;^! ^ (e) 100 '4<^ie Ni 3Sn4 2l X-a sl^ ^-4^ ^JJ)-* ^eI-i^ 5E 
^*1^, 

S.7-8:^^^3\ ^A]oi] 2011 ir)-el- Ni3Sn4-S-^ ^^Si] ^^ M-El-Nfl £^<ilJl. 

H 8-8- -g- ^'g^ -^Alofl 2ofl n^-e}- ;*11^^ Ni3Sn4^^ el-Hj-al ^q-o]^ i^El-'a £^<»1j1, 

9fe ^ ^'gSl ^Ajdil 2°]] ^]^^ Ni3Sn4*^ ^ej-sl ^^"A ^'&o]JL. 

S. lO-Sr ^ ^'gSl >aAHl 2ofl it|-e|- ;i|l2:^ Ni 3Sn4 ^>oie i^El-^a E-^olcl-. 

10... 71:^ *c-i20... ^^^1 
30... ^^40... ^Sfl^ 
50... 5ll^E.60... s.S:^ 

■g: ^'^^ e1# 2*}^^1-S- «}-^ ^ ;ql2:«J-'aoil ^^S., ^/(11§>7)lfe ^^Sll^<^ ^^^slfe -S-^ 

^A^(sn)2l- M€(Ni)s) ^^#(intermetallic compound)^ a>^^o.s^ ^7] H]7].q 

-8-^*1 ^±^21 el-ts] -a-'a/pMlTloll n)-^ ^A^Sl -S-^ «-;*ll^oi ^>S-5|ol ^^ig ^^^<^1 7ll^^ Bl# 2*> ^^1 

SI -S-^ ^^ofl «^ 5jolcf. 

-8-71 ^«ll«n (organic electrolyte) xfl<^>H e)l- <g^^^.e.S. -i-^V^^I-jl 4i^l SEKSolid Electrolyte Inter 

elf. AV^sl-fe , >itl-ol#o] ^4^ofl nl-el- e)^ ^^o] ^;^iAj- ^^(dendrite) ^^^S"^ «l-7l1 sjol 

^i:^^^<^i ^«>si^«-^^<»i sa^i-. 

SlSic]-. '^laf ^^Sr e)# oi^o^ -y-og uv^^ .g-^H elf-^ 7>^a} o.^ x-l^/;Hl 

7lS>fe ^o] 7>^t!-cl]. ell- o]^^ =^ >S-EJl7> oMSS. ^^l>y- ^31- :g-ol ^;:^131 «y:Jg^<>fl o^<g^ 
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^elM-. -5-^^ Bl-B- ^^<H1 '§5.7]- 5f io%o1] -i-oq-Sl-cf. ^li^ ig-o] oflui^] 'gty} ^l-cf^ -S- 

^1^^ «fl^sl-7l ^<a°11 Hl^V-^ -g-^ ^^J^ ^Efiflfe ;qiS(Disordered 

Carbon), ^^»(nitride), ^^#(oxide) -f-ol ;Hl<?>^Sicf. 

A>^l-S. cflas)^ ^s^^^^] 1996^4 ^^l^KUS 5618641 Y. Idota et al. ; Idota et al., " Tin- 

Based Amorphous Oxide: A High Capacity Lithium— Ion Storage material" , Science, 276 (1997) 1395 — 13 
97)oII ^S.^ f^fj-^ SL<Q:^ ^:^d^ aisfl 2Bfl ^s. 3.^ S.^ 7]^S\ Cfl^ 



(SnO £^ Sn02). ^ (PbO), ^e)e ^^-i- (SiO) -f-s)- 'ga}.^ o.^ e)f- 

4 7>¥t!- ^^21 ^^^^cf. -^Ifil- ^-8- -S-^ ^^^Kanode active 

material precursor) s|# <>l-£-<='l ifl<>>l ^'a-^«>ll n^-el- ol^^l- -g-^ ol-S:Sl ^Bl7> ^<H^- 



-a-^*^ ^>-8-«m slfl-s] th^^ wv-g-^ ^«><:^ ell-si « ;Hl7l7> 7> 

Bll- ol^ol vflofl ^^V^«ll ul-el- ^o] ei^sf ^a^o] 7]-^*> ^^o] a^^^c]-. n^tfl. o] 

^#■8: a7l7l- Pll-f 3l-o>Ai ^^oil ol-^ 7l7)l^ ^^o) ^^^m. ^ 9X7] 

1-^. 2.7] Hll- :^-1^Al =^o^ A^^jq. ^AH] A^A^s^^ el^jq. A>4, ol^;?}-oj aV^^o] e]^ >tl-^#(Li 2 0)0] i^B-f 
neli4 AVsl-i-Tjl aJ^^ ^'^J-^ ^^Sslfe Bl# oi^jjf A]-^:?}-e] ti}-i-i-<a &)# aV^i- ^ 

^-i-"^ SisM "11^ e ^7) Hl7l-^ -8-^^ S.o]T^ o]^ ^^2^ 7fl4:S. *#^ol Ai^SlH-S. -a-g-^**!! 

#<il slJi Sic!-. 



<^1^1 ^^#7il -g-^^ -8-^ 5J ^^tt ^><^1# -^^l^V^-H ai7l-^ -§-^4 #01 71 ^SM 

*(US 6203944 Electrode for a lithium battery, Robert L. Turner et al. ; Mao et al., " Mechanically Alloy 
ed Sn-Fe(-C) Powders as Anode Materials for Li-Ion Batteries" , J. Electrochem. Soc, 146(2) (1999) 
405-413 ; Beaulieu et al. " The reaction of Lithium with Sn-Mn-C Intermetallics Prepared by Mechanica 
1 Alloying" , J. Electrochem. Soc, 147(9) (2000) 3237-3241 ; Kepler et al., " LixCu6Sn5 (0< x< 1 
3): An Intermetallic Insertion Electrode for Rechargeable Lithium Batteries" , Electrochem. Solid-State L 
ett., 2(7) (1999) 307-309)* «^l-8-«l-7m- afe M-ii -^>«il2:(Yang et al., " Sub-Microcrystalline Sn and Sn- 
SnSb Powders as Lithium Storage Materials for Lithium Ion Batteries" , Electrochem. Solid-State Lett., 2 
(4) (1999) 161-163 ; Yang et al., " Ultrafine Sn and SnSb0.14 Powders for Lithium Storage Materials in 
Lithium-Ion Batteries" . J. Electrochem. Soc, 146(11) (1999) 4009-4013)21 '^V-S-SVfe »S-^ol 



^^1- >S-'^<^ cflsH Ji^- ^'a*}^, Sn2Fe. Cu6Sn5 ^^:^] 21*4 ^^-i ^ 

^^*H ^^^S\ Hj^A^ol ^^^}o]2] ^Aj5ll3^,^A^ i7l Ell- 01 

=^ ^7.yx]i\ ^A>o]] o]^c^ <i^#(Li2 0) S>-§-4 ^-a- Hl7>^ ^-g-ol ^Jlfl^l-^^l 2,7] V]7}<^ 



- 3 - 



^7ll^*l ^2003-0018399 



^#tb ^^<^ ■i-^S.^i 7l;^l^ ^^^( mechanical alloying) -Hi 

« 21#S1 -a-'a/l-sl?)- 7>^?!- «->^j>a- (active phase) ^^^^ ^■%-o] Hl«-^d ^(inactive ph 

ase) € ^flS.« AV-8-s).fe «j-^ol AlsslSJcf. 

^71 «-A^-^ l-^sf HlS-^^^'S- ^^S. ^ ^^l^<a Sn2Fe (#'^^^)( active phase)2^ SnFe 3C («! 

%^d'S-)( inactive phase)^^ S 4^^fl^7> SJcf. a^cl] o] nl>Hl z^jl $J^jl, 

^7>^o.s>>^ >»l-ol# ^^J^ ^-^slSiul ■^J^'a- oflM^^l^H^ 3^1^, ^^"^ <^^^M:E.7} 200mAh/g dIoVo.^. d])^ 

5. lofl s.^i€ «>ai- la-oi 5i# cfl^v-^ 0.7V »]sm ^s, ^^g-i- ?tJL ^jl, 

^^^^^^ Li4 4 Sn^ 'a-4^'?'^'a- -8-^<^l ^ 790mAh/g^S.>«.i el# -^-^ LiC e ^ ^-¥-(342mAh/g)a.i::|- 

ZLficii o]^o^ ^'a/^2l7> 5)# ^^^1 e|#<^l ^^A^] -S-^sjs 

^^2] ^>o]7l- ^«flAi tfl^oH aaiol ^^<^^ ^^^IfifSl ^71^ ^^1: 

^ol€ mA^o] -gs^-slfe &;^]^ol o^cf. o]^. :^o] ^o]^ S-Ajo] ^^Sjfe ^.^^ £ 2^^El ^o]^ ^ j^c^-. 

£ 2« ell— H|n^^ 50m. A/cviS] <a^fl- 0-1.2V7]-;^l ^ IJ-^^ ^-^ 2: 

71 *?l-8-^<*l ^ S'i^ol^ c.l^«-El ^^t[7\] ^±t\7\ M^n<^ 20 Ml-ol# ol^ollfe ^71 f-^i-g-^ol TiSl Si^l^lS. 

■& ^^o) ol^ulxV *>fe cl-^ 7l#3} >a-7l -g-^ ^l|-8-^^5.>»^ ell- 2^> ^^11- 

^7] 7]^al 01^7] -g- ^'gollAi^, 

^a^^isi- n ^-^-oii <g>a« ¥ai«>ji 5a^ 5i» 2*> ^^i-g- hj-b^-od sioi/i. 

^71 -S-^ 

^^(Sn)3f M'KNDS] i^^Vfe o.^ sVfe al# 2*> ^^1-8- ^^ ^^-i: ^]^^^. 

^7] ^4^3). qifsi Ni3Sn4^ ^jf] Hl-^3|«>c1-. 

•& ^"^Sl 7]^^ 321.^1^ ^^-i^l- 3.7.\o]3_ ialEi^*].^ Wj-l^, ^A^J!]- Ul=S ^Alo,] i3]El 

^ el# 2^h ^^1-8- -§-^ ^l^'S-'Sofl ai«M ol^^^^cf. 

SEtK ^ 7|^a^ 4;^]- ^A^2|. q^a 7l7iiaj ^^^^ofl si«M ^^--^^ 
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'S-71 ^-ii-q^ <^1**><^ ^^>^ ^*(e-beam evaporation) ^/SE^ oj^-Jd iiS^^(ion 

beam assisted deposition: IBAD)'!}-^'^ ^^^^S.^ ^7] -§-^^ ^^^S>fe -^^^S. S>fe el# 2*1- ^ 

^ ^-^21 71 #31 ^7] -S-q-^- ^M^€[SL $X^^-§: ^^^S. t}^ Ell- 2^> ^^Hl 31 *H «»l^«>^^'=^. 

^"^31 u}^^^ -a^AloiH o^s>^, >a-7l s1# 2^> ^^1^ e1# al-Bl- ^;^lol ^ol aV^ajsl-cl-. 



e1»-^^ Bl# ^^^1 tflStI 0~0.7V ^£21 Hi sal :a<a-^ 7].;^lc1_ Bl-i-^^ ^^(Li4.4Sn: 79 

0 iiiAh/g)2l ^-f s1# ^^(LiC6): 342 mAh/g) ^^iH^ ^-8- oflM^l^iE* 7>:5li^. ::i?iiHl, 2l# «>l*sl -^^^/^i^y} 
7}^^ e1#-^^ ^^ofl Siol^l. e11-<^l ^"aM5l^<i nl-el-^^oi -g-^slji, -g-^^ ^^l^^ ^^^oi s>oi7> 
>asflAl ^^2^ j^^jij. ifl^ofl a^(crack)ol "^^S^JL. ^^<Hlfe ^^^1 (current collector )fil-2l ^7l^ gjol 
Ai A>ol# s.>.^oi .g^^ ^ ^.^cl-fe §-;^^ol ojic).. 



^ ^TgoflAi^ °]3l- ^-i^ol ^, ^^21 -?-3l ig^Voll -i-^* ^J-il-^l7l7l ^«11 ^-^1(50)3)- M 

<^7lAi ^>](Sn)2l- q5t(Ni)2l ^^«-(Ni3Sn4)-ar ^sfl^l e1#-^^ ^^^nf «&1 ell-^fsl t>-§- ^ 

^3). 5l#uii.sl av-g-A^oi u|3g ;ji.2i fH-^^s. -t>^#si -tVih oi^sj. ig-oi vfls. ^-a-s1<H *<H^ eH" o] 

■B:^^ *-8-ol 'a<^M-^l ^^^S-V^ 2:71 Hl7>^ -g-^ol 7l Si ^7\] ^cf. 

oinfl ^'ii(sn)3i- q^(Ni)fii si-^§ «i-^-i- 'S-^-a- ^m=i^ife ^^h- «i-7iiq- :y-^ tj-'a o.^. 

;(112:^ =^ 5ac1-. 

-^^^ ^^^q. ^^1- «i-ni-^ "S-^^ -g- ^"^oflAi^ s>7l f}-^** 

IJ-^-^- ^^1- -i-Al ^BlEi^ (Co-sputtering)^ oil 21s>c.1 ^^«V^ -S-^oiq-. 

<^1 •a-'S'^l Sl^l-^ El-^sl- q^ El-Tjl^ -ts^ §h1§VJ1. ol* *^H1 iSlEl^«:>o1 #ah^q. oliZl- ^ol ^A.] 

?3 El-:55o|i «;l7>5lfe oiiq;^i^ i^^^s. ;HH^^s.>»| S^7>^«1-q-. 

■^^^ ^-il^i. q^ 2.4<^1^ islEl^sl-^ ig-'^oi o^q. oi ig-igoil eI-;^}^ q^ eI-;^! 

^. 

^ ^^?!- ^^1- ^^1-21 2:A^^ q^ El.;5ioiiA-isi q^ ^^3} ^^als. 2:^7l-^*>q-. 

Ml^^lj IJ-^^-. €^>^ f'^^(e-beain evaporation) ^/a^ ol-S:^ 212: -f'^^^ «l-8-^ 'g-'^oiq-. 

nix-1 ^4121- q^ -S-^* <^1^«H 7^1^ ^^^(mechanical alloying) tcj-el- c,]c^ cfl-g-sV^ ^A^-q^ ^ 
^^1- ■f'SI-^ (evaporation source)^ ^l^i^q-. 



-^71 ^zh^^ <^l-§-s:l-ol ois. ^^ia(e-beam evaporation) ^I^ah f^zh'Sdon beam a 

ssisted deposition: IBAD)oli a|-e1- ^^-q^S 2?-^^ ^^-^r ^iStbq. ^1 nfl ^^-^^ ^ 

^# ^-^€"11 <^1'&^ 71-^Ai^ €^>-i-2i ol^JEl- ^7VAl7l7iq- ei-Hi-oj s.^ ^Ell# ^ 
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^71 ^^^V Ni3Sn4 91^°] t]-^^^ ^<Hl>«-i s.^] H>^a]sl-t:f. ^7) ^^^V NigS 

oife #5fl2l el#-^A^ ^El. El#jq-£l ^-g- S-l-^o] ^-il^f. El#2l-s] HV-g-A^oi q€ S}-^ 

-a-^S-Sl AVdt <^l-S-4 :&ol ^yc>vfls. ^-a-Slol «<Hi2.fe ell- o]^s^S] hV^o] <a«Hq-^1 ^-§- 

^^i. 7l7il^ ^^^^ofl ^^.c^ q€ ^^^V Ni3Sn4 ^^c]-. '^7lAi 7] Til 21 ^ 

^^"goil 421- Ni3Sn4 ^la«>^ ^^S.^ ^c).. 

^-^^ 4^, o]!- <a^l- ols->£ ^iflsl-Ji, ol# 'S^^el^o.^-H Ni 3Sn4 
^<H^i^. lA^El -SrS^ Ni3Sn4 ^^^^^^ 'S^tb ^^o] Si^. aOCC ifl^l SSCC?] ^c,] h]-^3]s1-c1-. ^ 
^21 300°C olsl-^ ^-f-^fe Ni3Sn4Sl l^Ajo] q:*^ ^hJ-:^! 2j-^<>llA^ Ni3Sn4 

^ ^^^o] ^I^Vslfe 9X3., ^7] o]^o] ;g o.ofl^ ^<H1 'y^Kgrain)3l a7l7> ^7}t} 

<^ ell- ^"a/l-el af^sl J:>iE^ ^l-g-^ ^ ^'S^^Kgrain boundary)^! ^^^1 -g-^o] ;=^1sl-sl^ ^ 

^, ^^-71 Ni3Sn4f'2h€^ <^l-§-«}<^ ^7.}-^ #^'a(e-beam evaporation) ^l^^ ^2: ^aliaCion beam 

assisted deposition: IBAD)^ «'l-8-«><«1 t^'^ ^^l" Ni 3Sn4 ^^-c}-. 

3E. 3^ ^"321 Ol-^^l?!- 'a-a^l'^l'Hl ell- ^2:1- V+El-'a ^^:£olcl-. 

<^1» %2:S>^, al-Bl- ^^Ife o.^ 71^3: *cl(l0)ofl ?l^i^l(20)7> Hfl^lslcl, ^7] ^€^1(2 

0)^<H1 n±B.(50). ?i 511^(40) ^ «>fliiS(30)7> wl-e]- ^Efls 0.5. ^3.^ ^Hj^l-jl Slcl-. ne)jl ^7l 

olliiH(30)2l ^^^]^ ^7]3] vfl«.2}. sq^-l- ^}^*l-ol iLS5V7l ^J:^(60)ol ^^l-slo^ 9X^. 

<^]S^ S-8r al-^ ^^HA^ ^7] 7ll4iS(50)^ 2l-l-S^EAi.2^^(LiCo02 ), el fl-nj.^^ -.(yMn 2 O4 ), el 

l-M€<+S|-#(LiNi02 ) ^^l- :^4r el# 4^ ^^1-* ^«fl^(40)^ ell- ol^ ^5.^^^ l-^o] Upon*. 

ol^oiT^i ^jL, ^7] (60)'8- ifl^^(Parylene )^S. o]^o]7^ <^7]^<] Upon* e}!- 2.-!;ielii ^a1 

M-olEel-olH.(lithium piiosphorus oxynitride)!- ^E^■>^c^■. 

ol«K -g- ^7] ^AH1» ^^^fl^l-Tll ^^^7]S. «>5|. -g- ^'^ol e>7l ^Al<4|S.^ ^^Sjfe 5J-ar 

^Alc^l 1 

^'^(Sn)a!l- q^(Ni) # 4:3^S ^ 7l7flal ^^^^ofl Sl^l-ol ^^-^^ ^^t} ^^l" N 

i3Sn4» ^l2:eVScl-. 

^A^jq. 4:3 M. ^^^v cl-^. nl-ic -H-^i(agate mortar)o1lAi ^ ^^sfji oi^ -g. Af-g-sl- 

^ ^ 750rpm2l 2l>a^£^ IQaI:^ -§-<?]■ -S- 'g^B^l-^t^-. -i: ^^^01 35o°C ^ 500'C<HlAi Ia]:^ :g-o> ^^^sl 

*><^ Ni3Sn4^#:a-*^#^ ;Hl^sl-^o.D^_ >a-7) Ni3Sn4 2l £ 4<H1 ^}Si}- S. 43] 

(a)* #2iS><^, ^-^21- u|5f IQAl:^ ■^'J]: 7l7l]^ 'g^ (mechanical milling) ^-f, 7l;^lal 

«a AS ^A^^ 1-^ 1-^^ ^A^jq- q^-a- Ni3Sn4'LH ^^^fl^Vcl-^ ^o]^ ^ o;iojcl-. ^.el 

i S. 4S1 (b) ^ (c)oflAi -a: ^ Sl^o], <^^]^ ^£.7> 350'C. SOOrs. f'7>5>^A-l Ni 3Sn4Sl ^^a^oI ^7>s>fe ^ 

* 1- ^ sasi^i-. 
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34^011 42^- <gol^ Ni3Sn4 ^7]^n^ ^^^^ a|# ^ll"* ^^fl ^ 7] 

$ ^^^5. t}jL. ^Sflow o)]^^ ?>iivilolE(EC)5!}- c1<^€?>a.v|lolE(DEC)Sl -g-nfl i^-o> Slfe IM 

LiPFg ^ Al.^«>°^ El# 2^> ^^11- ^m^^x:^. ^71 •4e1- el# 2^> ^l^^l^l ^ol§ ^A^^ SA>SV^J1. 

^ £ 5011 H-El-'d- Hl-fil- :y-cl-. o^7lA^ ^c.]^ s-A^o, 0.2 mA/cnfSl ^S.S. el#ofl cflSfl 0~1.2V ^^VoflAi ^ 

ain boundary)^] -^s^ ^^a)- h) ^Isj-^ 0.0^. ^^^^l >a-<aj!f §e] 3).:^ a-^ £ ^^^^^o] -f Ni 3Sn4Sl ^ 

-ffe -8-^ ?}-:ii7> ^551:4. «*ls1^>^>'as.-¥-Ell-i4|.Ni3Sn4^ %^<Qn^ ^^^] ^^^/^^^^ ^^S. 

olc^. o] nfl 5] 1-3). NNi3Sn4^ 1^ ^(grain)*^! -y-ysl iihHS 3l-8-«r><:^ ^^^l--^ ^>ol# 

£6^^^5!}. u)^ ^-g:^ 1 0 Al -a ^ t!: ^ 500 °C°)l^i 1^]^ ^<a- <I^1 e1s><^ ?^]^^ m sSn,^''^^ Sl<^Ai. 
f-^J-^i 2)-^-a- 7l?l 3]^ ^A-i ^s).!- i+E)-iflSi4. Ni 3Sn4&^<^Ai eH"*^! 

£ 6* ^2:S>'a, (a) i7l ^EfloflAi (b) 0.25V ^ (c) 0.05V ^^§}<s^ ^<a^ ^ oj* cfA] (d) 1.2V 

•S-^^ ^Alsl.<H *e^Al?j ^<H1£ Ni3Sn4^ ^=3^^^ -^^MSL $X^r^, ^^4: (e) 100^ 



^A^€ ^cfl ^^<^1 "^fl^ ^-er 3.7] S., 31S.7\] cflH] ^^^a .^^^^ Jiolul-. o] 

el^V ^A^Tfl ^#^V ^^1-^ tv^^o] si# oi^oj >a.oj3|. ^H^ofl it|.ei- ^^o^ 0.^01 <aoiq. p>^l-7Hs 



aV^oil ^ ^i^oj Ni3Sn4T^S°flAife iE. e^flA.) ^.^0] e)#fi1 '^■•a 21-^<H]a.1:£ ^A^(Sn)<Hl sfl^^]-^ si\3.7} ^%^:^] 

^0} 7]^o)l ajl^ ^^^] ^^<LV 2?-^#<HlAi ^AljSl-fe 'S- ^^7> -a<HM-^) a^Jl Ni3Sn4^^ ^aE:7> ^o] 

^7l Ni3Sn4^^^ SJ-^l-ar £. SoflA.^ ^^o] ^^r^ -g-^ol ^ lOOmAh/g v+El-q. iga^ ^^Is] 

s. ^■%-^7]<^^ -^-^^ev^^i^, 'a:£(8.42 g/ciif)7> 3.7] ^i^^ofi ^s\^ -g-^o] ^^^isi^ ^^h] ai<HAi^ ^0] 

S ^^^<»l jiel*H ^^t!- ^^^c)-. a^, H SoflAi ji^oi ^a-gj!). ^e|oi| nq. 

^Ajofl 2 

>S-7l ^AlHl lofl Ni3Sn4&^* ^^^0.3. A>^s|-c.l ^^^(e-beam evaporation o]^^ JS. 

Si ^2)-^(ion beam assisted deposition. IBAD)^S. Ni 3Sn4 ■f'zhBl-^cf. 

^^}^ ^ <*l-8-^ Ji^ ^'^'3.2.5. XAl ^A^ S. 7«H1 aval- :a-cf. ^^-71 mJ-'S o. 

^ Ni3Sn4^'a-* ^}-%-^}°^ 3:7) 2X 10-« torr^'W «l)7l^ ^ <i>e^ 7>i» -^<as><^ 4*^ "y-^* 2X 

10-5 torrS. ^^m^^-. ^7}-^ 7}^ ^"^^ 5.7kV ^ 20inA2) ^a>ai ^^.f. lo^sl- 20^ ^"U: ^A>sl.o^ z^zj- 640A 
7(a)) 5^ 920A(£ 7(b)) ^^]S] ^^^^A^. a*}-, ■^7]S] a:?ioflAi o).5^ o]^ 7)-^ 100 keV. 

20 niAS) 2:?loilAi 20^ ^2^*><^ ISOOA -f-^Sl :^3i^%r:{. 
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»1 S'"?}-^^?] NiSn^S-¥-E) ^S-S. 1L91^. 

4^oll 4e1- Ni3Sn4'g-^ ^^^1 .t'»fj-;a -wj-oj^ ^^j^ £. sofl q-e^xflSicf. 

S. 8-i- ^21*1-^, (a)^ ^;^>^^ 20^ 2i^}^ ^-f<^ tfltb ^<^1j1. (b)fe ^^^V^-i- 10^ a^-^)-^ ^-f <>fl cfl^ ^^S. 
^. (b)Sl ^'g^j'*! Jicl- ^A^o] (a)^ ^^JiL4 H 5^1 ^^^Jc] Ni 3 

^^o.^ Af^^ ^-f-Hlfe ^^S] Si^i-^ ^]o]^7]7} o]^^ ^ o.^ Ji^tq-. 

£ 721 (c)ollAi S^o] ol^Ai a^3)-(iBAD) »S-^^ 7>^€ 2:^1-^:^1: ^^t} 

7\] ^]o]nc^ 7]^<^ ##*l-^Ai €^>-i-Sl <^l-i-S. 5^ «J:-g-A^^ f^7VAl^ o.s>>*| ^^oflAis ^^^21 

Ni3Sn4 a^-^t^ ^ SZ^* ^ SlSi^l-. 

H].<4 ^o. ^«)-oj:^^oi ^^oil n|-^ Ni3Sn4 a>^^ q^jif ^a^S] ^7l<y-(vapor pre 

ssure) ^ fl^(volatile) ^£7> ^e^- ^^^^ ^^^2] ^J^^-g- <^7\ ^s. «fl^«>7] ^^(Sn)4 

M€(Ni)^ztzl-^a}-:eo.s.Al.^SH ^^V«J*^A]o1| ^^sH ^A^(Sn)5!)- v^5i(Ni)Sl 3i^i ;Hl<H# 

-S-C)- -g-ol*>7)l «1-Ji;^> o] nJi ^A^(sn)4 q^CNi) ^^(Ar) o)^^ 7>^a17^ 7]^6^ ^a}^ 

^S.^ ^7.}^3] ^^71-^1 ^1^4 ^e]-o^ i^-^Efl* ^Sl-Al^ ^ SlO.D^, ^B]-2l 2:A^^ ^^1-«J2] ^7.} ^ 

^(flux)* 3,^^<^ «^Ai^ ^ ^Sj-ja :gjgA^ ^ nH^^fe <a:-e(Ar) ^l^Sl ■8-^(flux)fi|- 7}^ 

^7l ^^1- 2X 10-« torr Bfl7l^V :f o>h^ 7>>ii« -fi-'g«H "U-^l- 2x 10 torrS. -fi-^lsl-Sii^. ^ 
^ ^^>^ 5.7kV2l a^^^lAi ^ q^ofl ^ss. z]-z^- iiOmA ^ 75iAl- ?l7>s>c«l ^^^1 ^ 95 

OA 21 ^^-i f.aj-s>^c|.. >a-7l oij-Jgol) nl-el. Bj-B]-oj X-Si £ 921 (b)i4 ^Jl. ;£ 921 (a)fe S 

i/Si02 7^011 tfl^ -g-*! M-El-Hfl ^Jolcf. 5. 921 (b)o1|Al iL^o] el= 28° Y5-«HlAi Sl^i 3|a7> ^ft^slSi 

rX5l oL >a-7l 2|.jgo(l nl-el- ^^$] ^w^v^ M>o1§ a]^ ^sfa- £ looll uj-El-iflSicl-. ol7]Ai ^]-o]a o. 30 

/crf2l ^.^ ^£.5. Bl#«>I| cflgfl 0-1.2V ^?]:«^Ai ^^fl. ^^^s. ^^^^ Ih^-i- 'a^l«>fe fJ-'aoll ^7}^^^. 

S. 10^S-¥-Ei -a- ^ Si^o], p)) o. 3]-^ M-El-HlJl Xlfec-il <^1^ Ni aSnz ^^^21 ^^ol ^7mt^^o_S. «-A^ol 

^eiH-. ^^?b H>21- ^o] ^7}»^^ -fr^Cflux) 5J -a^CAr) <»l^r2l -B-^(flux)2l- 7># ^^a1^ o.^4<i ei-sl-sl 

2:A^. ^'S^ ol>H1^2:l. ^^Al^Cl-^ ^^-^A-l Ni3Sn4y}-Bl-^ ^^f^ ^ $X^-^ S.^ ^JL Sll^. 

^ ^^21 wi-Hl-^ 3l-;^ol|Ai ^A^slfe ^A^Sl :^3r] ig%V ^ "^^^l^l-o^ a^>o1S ^7^ti}7\] 

^1^ ^ o] ^ll-8-*>^ ^«fl« ;<i]^2l ^S}-ai oy^Aj ^ 7]^]^ <a:^A^^ H^fl 

^ ^^a^l ell- 2*V ^J^l* ^ $X^. 

(57) ^i^2l 
1. 

^^^121- ^-¥-ofl ^A^€ ^-^-^f-^ ^H1«>J1 Si^ ell- 27i} ^^l-§- «}-Bl-ofl ^olA-1. 

^71 -fi-^ 
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2. 

^1^'>1| Sl'H^i. ^7) ^>M(Sn)4 i^€(Ni)Sl ^^«<»1 Ni 3Sn4?l ^.^ «>fe Ell- 2*1- ^^^l-g- 

3. 

Bl# 2*> ;^1SHJ-^. 
5. 

6. 

M€ <^]-8-«M ^^l-a ^^(e-beam evaporation) <^l^^i tiaEi^^Kion beam ass 

isted deposition: IBAD)»8-'ilo11 ^^^^S.vi ^1^^ ^^-fr ^^^^ Sl-fe el# 2*> ^^^1 

7. 

^]6^ofl Sl<H^i, ^7) ^4^(Sn)2l- q^(Ni)Sl ^^:0: Ni 3Sn4^ ^-^ el# 2*> ^^l-§- 

8. 

^1* ifl^l ^2^f' ^'^fl n^-^ ^^-^r ^ll-8-«l-fe ^^-5.^ ^fe ej-t 2*> ^^]. 

9. 
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